Abstract High-resolution, high signal-to-noise ratio spectra have been obtained for 32 metal-poor stars. The equivalent widths of Li λ6708Å were measured and the lithium abundances were derived. The average lithium abundance of 21 stars on the lithium plateau is 2.33±0.02 dex. The Lithium plateau exhibits a marginal trend along metallicity, dA(Li)/d[Fe/H] = 0.12±0.06, and no clear trend with the effective temperature. The trend indicates that the abundance of lithium plateau may not be primordial and that a part of the lithium was produced in Galactic Chemical Evolution (GCE).
INTRODUCTION
The knowledge of lithium in stars plays an important role in our understanding of Big Bang Nucleosynthesis (BBN), cosmic-ray physics, and stellar interiors. Spite & Spite (1982) found that halo dwarfs with T eff > 5700 K have a nearly constant lithium abundance independent of the temperature of the star and of its metallicity (the socalled lithium plateau). This fact indicates that most of 7 Li in halo stars is primordial. Since this discovery by Spite & Spite (1982) , this trace element has attracted much attention, and many papers have addressed the problems of Galactic evolution and stellar depletion of lithium. Below [Fe/H]=−1.4 one sees a lithium plateau with a very small dispersion of the lithium abundance and perhaps a marginal slope of A(Li) vs [Fe/H] (Ryan et al. 1999) , where A(Li) = log 10 (N (Li)/N (H))+12.00.
In order to verify and extend the previous results, we observed Li i λ6708 line in 32 metalpoor stars and derived their lithium abundance.
OBSERVATIONS AND DATA REDUCTION
The observation was made using the Coudé Echelle Spectrograph mounted on the 2.16 m telescope of the National Astronomical Observatories in Xinglong, China. A 31.6 grooves/mm echelle grating was used along with the prism as cross disperser, and a 0.5 mm slit leads to a resolving power of the order of 37 000. The spectra were imaged on to a 1024 × 1024 Tektronix CCD (Zhao & Li 2001) . The spectra of 32 metal-poor stars were observed between 1997 and 1998 (see Zhang & Zhao 2003, in details) . The signal-to-noise ratio of spectra at 6708Å is about 100.
The spectra were reduced using the ESO MIDAS standard package. The wavelength scale was calibrated with a Th-Ar lamp. The pixel-to-pixel variation was corrected by dividing the external flat field taken on the same night. The continuum was determined by fitting a spline curve to a set of continuum windows estimated from the solar atlas. Dividing the spectrum by the fitting curve yielded the normalized spectrum. We present a portion of the normalized spectra around 6708Å of BD−10
• 4149 in Fig. 1 as a typical example. The equivalent widths of the lithium lines were measured by three methods: direct integration, Gaussian fitting and Voigt function fitting, depending on which method gives the best fit of the line profile. Usually, weak lines are well fitted by Gaussian profile, while strong lines are well fitted by Voigt function. Direct integration is the best method for unblended lines. Considering the signal-to-noise ratio and the resolution of spectra, we estimate the error of the equivalent widths is about 3 mÅ. 
MODEL CALCULATION AND ABUNDANCE ANALYSIS
The abundance analysis was based on the LTE plane-parallel model atmospheres given by Kurucz (1993) . Effective temperature is determined from the (B − V ), (V − K), and (b − y) color indexes by using the calibration of Alonso et al. (1996) . Thanks to the Hipparcos survey (ESA 1997), the gravity is determined via Hipparcos parallaxes according to the method given by Nissen et al. (1997) . [Fe/H] is taken from Zhang & Zhao (2003) . Microturbulence velocity is adopted with an average value of 1.5 km s −1 . The uncertainties of the atmospheric parameters are σ(T eff ) = 100 K, σ(log g) = 0.2 dex, σ([Fe/H]) = 0.1 dex, and σ(ξ t ) = 0.5 km s −1 . The analysis program, ABONTEST8, was used to calculate equivalent widths of the Li i line as a function of the Li abundance and oscillator strengths of the Li doublet components taken from Wiese et al. (1966) . In the calculation, the contribution of the 6 Li isotope is assumed to be negligible. Li abundance is then determined by requiring that the theoretical equivalent width should match the observed one. The stellar parameters, equivalent widths and lithium abundances are given in Table 1 . The uncertainty in the Li abundances, resulting from errors of the equivalent widths, is around 0.08 dex. Changes of the Li abundance due to errors in the atmospheric parameters are 0.07 dex for ∆(T eff ) = 100 K, less than 0.01 dex for ∆(log g) = 0.2 dex, ∆([Fe/H]) = 0.1 dex, and ∆ (ξ t ) = 0.5 km s −1 . The total uncertainty in the Li abundances is 0.11 dex. The NLTE corrections of Li i 6708Å are negligible (Carlsson et al. 1994 ). Figure 2a , b shows the lithium abundances vs. [Fe/H] and T eff for all the 32 stars in the present study. One can see that 21 stars with effective temperature higher than 5600 K and [Fe/H] lower than −1.0 are located in the lithium plateau, the average lithium abundance is 2.33±0.02 dex (σ = 0.10 dex, 21 stars). Considering that the error of our results is 0.11 dex, we cannot say whether the spread of the lithium abundances is real or not. More accurate results of Ryan et al. (1999) also indicated that the intrinsic spread is effectively zero. The essentially zero intrinsic spread leads to the conclusion that either these stars have all changed their surface lithium abundance very uniformly, or they exhibit close to the primordial abundance that has been sought for because of its cosmological significance. Figure 2a shows that the lithium plateau obviously varies with metallicity, a usual leastsquares fit gives A(Li) = (2.558 ± 0.11) + (0.12 ± 0.06)[Fe/H] .
DISCUSSION
The slope is dA(Li)/d[Fe/H] = 0.120 ± 0.060, consistent with previous results of Thorburn (1994) (0.13), of Ryan et al. (1996) (0.111±0.018), and of Ryan et al. (1999) (0.118±0.023) . Bonifacio & Molaro (1997) have even argued that this slope does not exist at all, but Ryan et al. (1999) showed that this claim is likely to have been influenced by their adopting incorrect [Fe/H] values for a number of stars in their sample. The slope indicates that the abundance of lithium plateau is not primordial, that a part of the lithium was produced in Galactic Chemical Evolution (GCE). The observed lithium trend with metallicity can be used to constrain Galactic production mechanisms. Post-BBN sources of lithium in the halo stars are the Galactic cosmic-ray (GCR) nucleosynthesis of 6 Li and 7 Li and the supernova ν-process that produces 7 Li and 11 B. The primordial lithium abundance, A(Li) p , can be estimated from extrapolation of the metallicity trend to [Fe/H]=−4 where most of the known metal-poor stars are found and where the metallicity distribution of the halo stars shows signs of truncation (Ryan et al. 1999) . The value obtained is A(Li) p ≈2.08 dex. Figure 2b shows that the lithium plateau does not vary with effective temperature, when the accuracy of our results is noted. Some previous works (Ryan et al. 1996) claimed that a slope of lithium abundance versus effective temperature may exist, but it may depend crucially on the adopted temperature scale. The lithium abundance of 11 stars with T eff < 5600 K decreases with decreasing effective temperature, the usual least squares fit gives a slope of 0.198±0.03 dex per 100 K, which is the result of depletion due to stellar convection.
Considering the trend of lithium abundance with metallicity, more accurate observation and analysis for larger samples of very metal-poor stars ([Fe/H]<−3.0) are needed to obtain the primordial value of 7 Li. After a correction for effects such as GCE production and depletion, primordial lithium abundance can be used to set limits on cosmological parameters, such as η (the baryon-to-photo ratio) and Ω B (the universal baryon density).
